Abstract -In the era of demand-driven technology, the study of diffusion processes of high-technology products becomes crucial. The accelerated technological advancements and intergeneration substitutions illustrate the market of these innovations. In the past, attempts have been made to forecast the market growth of product generations meticulously. These studies have considered the diffusion parameters to be static; however, they are implausible to remain constant throughout the the product lifecycle and may experience considerable changes.To understand this phenomenon, the proposed diffusion model deals with the change-point technique in the multi-generation framework. Change-point is defined as a time instant where the growth rate in the diffusion process experiences a change due to varying market environment in which an innovation is placed. The main aim of the reseach is to develop an approach for analyzing the substitution effect among product generations when there exists change-points. Moreover, to demonstrate the applicability and efficiency of the constructed model, it is fitted to the sales data of DRAM (Dynamic Random Access Memory) industry.
I. INTRODUCTION
In recent decades, evaluation of the diffusion of innovation has yielded definitive routes for structuring dissemination of new products throughout their life cycle. Diffusion of innovative products is the process through which an innovation is conveyed to the members of a social system over time [1] . The analysts utilize diffusion models to observe and estimate the trend and the fundamental factors in the diffusion process of new high-technological products. The previous researches on the diffusion phenomenon have shown that the diffusion of innovation follows an S-shaped curve or sigmoid diffusion curve [2, 3, and 4] . A conventional S-shaped model illustrates the growing pattern of aggregate buyers of an innovation over time.
The preeminent feature of the high-technology industries is that they regularly launch an improved generation of a product with added features and value. In addition, it is quite natural that the latest technologies often surpass and ultimately replace the previous versions due to their better performance. However, it is not necessary that the previous generations will be removed immediately. In fact, they compete simultaneously in the market [3] . DRAMs, high volume semiconductors provide a typical example of multiple generational products where earlier technologies have substituted intermittently by newer generations [5] .
Moreover, to survive in today's cut-throat competition, it is essential for a producer to be able to predict the impending demand of its high-tech product accurately as manufacturing a technology for a new generation and launching it into the market requires investing in an enormous amount of human resources [6] . The initial study on diffusion of successive generations was carried out by [3] . The model captured the diffusion pattern and substitution effects simultaneously among different generations where adoption function follows the Bass [2] distribution function.
The diffusion model endeavors to develop life-cycle sales curves based on the sales parameters. However, it is observed that these diffusion parameters may not be smooth throughout the product life cycle and can experience a discontinuity at any instant of time. This is because of various factors, such as companies altering marketing strategies, which include changes in promotional activities or in the intensity of advertisement campaigns, varying market environment, including entry or exit of competitive products from themarket or due to the launch of the enhanced technological product, may affect the adoption process. The time-point where the adoption rate changes is termed as change-point [7] . Changepoint highlights the time instance at which the external factors influence the current diffusion process of the technology. In general, at change-point the diffusion parameter changes and after this point, an innovation will be adopted with a different rate.
In recent years, many researchers have focused on the inclusion of single change-point in innovation diffusion modeling [7,8, 9 and 10] . However, none addressed the problem of time-to-time alteration in the adoption rate and the substitution effect in multi-generation products simultaneously. The analytical model proposed in this study makes use of a two-generation framework and incorporate the effect of change-points in the sales of each generation of an innovation. The developed model can facilitate manufacturers and managers to evaluate and understand the possible change in the adoption rate. By including the change-point concept in multi-generation innovation diffusion modeling, the predictive accuracy of diffusion models can be improved greatly.
II. BASS DIFFUSION MODEL [2]
Bass [2] model asserted that the diffusion process of hightechnological innovation is a function of innovators (i.e. early purchasers) and as well as of the imitators (i.e. later purchasers). This model is a landmark work in the area of diffusion modeling that continuously used for predicting the long-term sales of technological, agricultural, pharmaceutical and consumer durable products. The model further infers that the potential adopters are swayed by one of the two principal driving sources of information channels, namely, mass-media communication (such as advertising, promotions) and interpersonal correspondence (such as word-of-mouth) to make a purchase. Based on these influences, the potential market is classified into innovators and imitators respectively. Conventionally, the model can be defined by the following first-order differential equation: (1) where represents the total sales of an innovation over time 't' and denotes the instantaneous sales at any instant of time 't'. This rate of adoption is directly proportional to the untapped prospective buyers Moreover, if is defined as the probability of adoption at time 't' and is the cumulative fraction of potential buyers who have adopted the product till time 't', then represents a hazard rate function. The hazard function is the conditional probability that a potential customer will purchase an innovation at time 't' given that no purchase has been made by potential buyer till time 't' and Bass (1969) defined it using the following two additive terms,
The first component is the coefficient of innovation, which is vital for the ascension of the diffusion process and the second term represents the positive influence of earlier buyers on the remaining prospective individuals using the imitation parameter Imitators are required for the progress and expansion of the innovation.
Using (1) and (2), the sales rate differential equation becomes,
By solving (3) using the boundary condition the cumulative sales can be given as: (4) where is the cumulative adoption function of a new product and is denoted by and i.e. the eventual fraction of potential adopters who will adopt the innovation by time 't'.
III. REVISED BASS MODEL [7]
Kapur et al. [7] first studied change-point concept for the diffusion process of IBM mainframe computers, Room air conditioner, Color television and Telephone answering machine.
Let
be a change-point after which the adoption process behaves differently for the diffusion paradigm. Thus, the hazard rate function over disjoint time intervals is defined using different functions, i.e.
(5)
Thus, the sales model can be defined using two differential equations for different time intervals as: (6) The above differential equations can be solved using initial conditions, and to provide a closed-form solution for the overall sales of two successive time intervals as: (7) As discussed above, the Bass model categorically classified the adopters into two groups: innovators and imitators. However, with strong media interactions and advanced social networking, mass communication has a remarkable influence on individuals and the information is effortlessly accessible and extremely penetrated into the social system. Hence, it is
intricate to differentiate the buyers as innovators and imitators. Because of homogeneously spread population, it is realistic to regard an alternative rate for adoption by the intended potential market. Kapur et al. [11] formulated an alternative version of the Bass model by considering logistic distribution. The parameters of logistic distribution exemplify the buyer's behavioral characteristics existing in the market without distinguishing the purchasers. Therefore, if follows logistic distribution function, then the cumulative density function before and after change point is given as: (8) where indicates the adoption parameter before ( ) and after ( ) the change point; denotes the learning parameter before ( ) and after ( )the change point. Thus, overall sales of an innovation by time can be expressed mathematically as:
IV. MULTI-GENERATIONAL DIFFUSION MODEL [3]
In the marketing literature, the study of the diffusion process of successive generation products holds significant importance. The research on multi-generation product aimed at studying the diffusion process of different product generations simultaneously. To address this issue, [3] provided the noteworthy study for the multi-generation product market. Norton and Bass [3] work extends the Bass [2] framework for capturing the diffusion phenomenon of sequence of generations.
The diffusion model formulated by Bass [2] considered that the prospective buyer population for the initial generation to be invariable. When the subsequent generation is introduced, a considerable fraction of the potential adopters is yet to buy the innovation. Now, as they have an alternative to buying, they will go with an innovation having highest utility. Thus, the probable market for generation 1 is until the second generation is introduced at time point after this the potential market of generation 1 will gravitate by the fraction that substitutes it with the second generation. For the second generation, sales can be obtained by escalating the market, i.e. the adopters that are unique to this generation and by accumulating sales due to the substitution effect across the successive technologies. The substitution effect arises, firstly, due to the potential buyers of base technology who substitute it with the newer generation, commonly known as substitutors and secondly, due to the actual customers of previous generations who upgrades to later generations, referred as switchers. Besides, it is assumed less likely that a buyer who adopts the previous generation, even after the release of subsequent generation, will switch to a newer generation. Thus, the cumulative sales equation for two simultaneous generations can be given as: (10) (11) where, is the cumulative adoption function of the generation and
In the current study, the work of Norton and Bass [3] is further generalized by considering the logistic distribution function and encompassing the effect of change-point in the diffusion process. The diffusion phenomenon of two successive generations of high-technological products is modeled by incorporating the change in the adoptions rate function. The suggested model has the capability to forecast the trajectory of multigenerational product. Additionally, the diffusion parameters of different generations are estimated by taking into account the substitution effect among two generations and change in the growth rate function. Furthermore, the market of semiconductor industry is used for the empirical application of the developed model.
V. MODEL DEVELOPMENT
In the developed model for diffusion of successive technologies, the impact of change-points on the diffusion curves and the substitution effects among different generations are simultaneously examined. The current study will account for two generations of a technological innovation where the new generation is launched in the marketplace before the base product is withdrawn. The focus of the present research is to get a relative insight of comparative changes in adoption rate for two-generation products. For this purpose, two different situationsare evaluated when change-point occurs in a single generation and in both the generations concurrently.
A. Notations
: 
2.
No adopter of a new generation can revert to earlier generations.
3.
The total diffusion curve of each generation of an innovation follows an S-shaped mode.
4.
The eventual purchaser for each technology is finite and remains fixed throughout the planning horizon.
5.
Successive generations of the innovation capture some fraction of the overall potential of the base product.
6.
The rate of diffusion per remaining purchaser can be amended at any instant of time known as change-point due to the competitive environment in which an innovation is placed.
Based on these assumptions, following two cases are described that considers change-points in two-generational product at different time instant.
Case 1: First generation experiences a change-point before the launch of the new generation, i.e. at
A case is considered where change-point in the first generation occurs before the launch of the second generation. That is, the time point lies in the interval at which the adoption parameters per remaining potential purchasers of generation 1 alter. This modification is attributed due to the change in the growth curve of the product, which may be affected by other external factors, such as companies altering marketing-mix strategies. Therefore, after the time point, the cumulative adoption function by which the adopters are buying the base generation of an innovation transforms based on the parametric values. Therefore, the cumulative density function for generation 1, after the change-point takes the following form: (12) Further, is assumed a point at which new generation is launched. Although, the adoption function for the second generation is assumed to remain smooth throughout. On substituting the functional form of the distribution function given by equation (12), into equations (10) and (11), the sales function for two consecutive generations become: (13) (14) Now, when , i.e. there exists no structural change in the adoption function, then the proposed case will converts into corresponding two-generational Norton and Bass [3] model. Furthermore, the adoption function is assumed to follow a logistic distribution function. Therefore, the two-generation sales growth model based on logistic adoption function can be expressed as: 
A case is considered when change-point occurs in the base generation before the launch of second generation i.e. at and a change-point occurs in both the generations simultaneously at time-point After the launch of newer generation, company can revise the marketing strategies for its newer generation. Now, due to the adapting market environment in which technologies are placed, the innovations now diffuse at different rates. Therefore, after time instant the cumulative adoption function for base generation and for the second generation modifies to following structures:
Thus, after putting equations (15) and (16), into equations (10) and (11), the total number of adopters of two generations can be described as:
When the change-points coincide with the generation's launch time, then the model reduces to standard NB model. This implies that when and andsimilarly, when the proposed case will converts to two-generational NB model. Now, by taking the logistic distribution function to describe the adoption function, the overall innovation sales can be given as:
VI. PARAMETER ESTIMATION AND MODEL VALIDATION
To investigate the forecasting capability of the proposed twogenerational innovation diffusion model, it has been validated on Dynamic Random Access Memory (DRAM) computer chips datasets. The DRAM sales dataset is obtained from [5] . The model has been fitted to the two generations (1Mb and 4Mb) data of the DRAM-family having observations from 1985 to 1998. The 1Mb DRAM-chipsets were introduced in the year 1985 and the 4Mb in the year 1988. DRAM is commonly referred as fast-tech products and has incremental market potential, i.e. mincreases monotonically with each generation [12] .
The parameters of both case of the formulated twogenerational model are estimated using the simultaneous Nonlinear Least Square (NLLS) method of nonlinear regression [13, 14] . The NLLS can be carried-out using SAS Proc Model of statistical software package SAS [15] . The estimation for each case has been performed and the results are further compared with the Norton and Bass [3] model. The estimated values of the parameters are listed in Table I and it has been observed that the estimated values of all the sales coefficients for the suggested model are logical and highly significant.
In Case 1, is the time point in the interval that acts as a change-point for generation 1. Due to this change-point, the adoption rate and the learning parameter of the first generation improve and thus, it is now being adopted at an increasing rate.Further, for Case 2, is a changepoint of the base generation and is a change point for both first and second generations. From Table II , it can be observed that after the change-points, the adoption parameter alters. The parameter values improved for generation 1 after and for generation 2 after change-point Although, the adoption rate and the learning parameter of generation 1 decreases significantly after change-point This can be (1 The goodness-of-fit criteria's of the suggested as well as of the Norton and Bass [3] models is summarized in the Table  II. From Table II , it can be observed that compared to N&B model, the proposed models (including all five cases) reach better and adjusted values. In addition, all the major comparison criteria's such as Sum of Square Error (SSE), Mean Square Error (MSE) and Root MSE of all the cases of the developed model are significantly less as compared to [3] . Moreover, the actual and predicted sales values of two generations: 1Mb and 4Mb for each case have been demonstrated graphically in Figure 1 . From these goodnessof-fit curves, it is apparent that the suggested model quite reasonably characterizes the adoption process for electronic products. As a result, it can be established that the proposed model fits better for the two-generation DRAM chips datasets.
Thus, the proposed model shows improved performance in illustrating the diffusion of two-generation innovation.
VII. CONCLUSION AND FUTURE DIRECTIONS
The key objective of this study is to enhance the forecasting accuracy of the innovation diffusion model by exhibiting the practical scenario. The model includes the diffusion process of two-generation product that incorporates the variation in the adoption rate. The focus of this paper is to generalize the work of Norton and Bass [3] wherein the diffusion and substitution effect among generations is modeled by keeping the adoption parameters constant throughout. The present model relaxes this assumption by including the change-point concept. Change-point is defined as a time point where the diffusion parameters experiences discontinuity due to companies changing promotional strategies or due to substitution effect. Two different cases are described that includes change-points at two different locations. Moreover, the formulated generational diffusion model is based on the logistic Bass model. The developed model has effectively forecasted the demand of two generations of DRAM semiconductors. Furthermore, the presented model has been compared with well known Norton and Bass [3] model. The results suggest that the proposed model provides superior sales forecasting ability of technological products.
As discussed earlier, there are factors such as modification in company's promotional strategies or introduction of an enhanced product generation that causes the change in the diffusion growth rate. In the current research, we have only considered the existence of change-point due to variation in the firms marketing strategy. In future, we can extend our model by incorporating the change in the adoption rate at a time of the introduction of an improved product generation. 
